Molecular cloning and functional characterization of zebrafish ATM.
Ataxia-telangiectasia mutated (ATM) is the gene product mutated in ataxia-telangiectasia (A-T), which is an autosomal recessive disorder with symptoms including neurodegeneration, cancer predisposition and premature aging. ATM is thought to play a pivotal role in signal transduction in response to genotoxic DNA damage. To study the physiological and developmental functions of ATM using the zebrafish model system, we cloned the zebrafish homolog cDNA of human ATM (hATM), zebrafish ATM (zATM), analyzed the expression pattern of zATM during early development, and further developed the system to study loss of zATM function in zebrafish embryos. Employing information available from the zebrafish genomic database, we utilized a PCR-based approach to isolate zATM cDNA clones. Sequence analysis of zATM showed a high level homology in the functional domains of hATM. The putative FAT, phosphoinositide 3-kinase-like, and FATC domains of zATM, which regulate ATM kinase activity and functions, were the most highly conserved regions, exhibiting 64-94% amino acid identity to the corresponding domains in hATM, while exhibiting approximately 50% amino acid identity outside these domains. The zATM gene is expected to consist of 62 coding exons, and we have identified at least 55 exons encompassing more than 100kb of nucleotide sequence, which encodes about 9 kb of cDNA. By in situ hybridization, zATM mRNA was detected ubiquitously with a dramatic increase at the 18-somite stage, then more specifically in the eye, brain, trunk, and tail at later stages. To inhibit zATM expression and function, we designed and synthesized splice-blocking antisense-morpholino oligonucleotides targeting the phosphoinositide 3-kinase-like domain. We demonstrated that this knockdown of zATM caused abnormal development upon ionizing radiation-induced DNA damage. Our data suggest that the ATM gene is structurally and functionally conserved in vertebrates from zebrafish to human.